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CABLE CONNECTOR HAVING FLUID 
RESERVOIR 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a continuation of US. application Ser. 
No. 11/110,024, ?led Apr. 19, 2005, the disclosure of Which 
is hereby expressly incorporated by reference. 

FIELD OF THE INVENTION 

Embodiments of the present invention relate generally to 
cable connectors suitable foruse With electrical poWer cables, 
and more particularly, to cable connectors, such as splice 
connectors, that interconnect at least tWo electrical poWer 
cables or cable sections. 

BACKGROUND OF THE INVENTION 

Typical underground electrical cables include a number of 
copper or aluminum strands surrounded by a semiconducting 
or insulating strand shield, a layer of insulation, and an insu 
lation shield. This design of underground cables is knoWn for 
having a useful life of 25-40 years. In some instances, the life 
span of an underground cable is shortened When Water enters 
the cable and forms micro-voids in the insulation layer. These 
micro-voids spread throughout the insulation layer in a tree 
like shape, collections of Which are sometimes referred to as 
Water trees. 

Water trees are knoWn to form in the insulation layer of 
electrical cables When medium to high voltage alternating 
current is applied to a polymeric dielectric (insulator) in the 
presence of Water and ions. As Water trees groW, they com 
promise the dielectric properties of the polymer until the 
insulation layer fails. Many large Water trees initiate at the site 
of an imperfection or a contaminant, but contamination is not 
a necessary condition for Water trees to propagate. 

Water tree groWth can be eliminated or retarded by remov 
ing or minimiZing the Water or ions, or by reducing the volt 
age stress. Another approach requires the injection of dielec 
tric enhancement ?uid into interstices located betWeen the 
strands ofthe cables. Please see US. Pat. No. 5,907,128 for a 
more detailed description of such an approach. The ?uid 
reacts With Water inside the cable and oligomeriZes to sloW 
diffusion and provide long lasting dielectric enhancing ?uid. 
The oligomeriZed ?uid functions as a Water tree retardant and 
provides other bene?cial properties. 

SUMMARY OF THE INVENTION 

In accordance With embodiments of the present invention, 
an apparatus for interconnecting a ?rst cable and a second 
cable is provided. The ?rst and second cables each comprise 
an exposed electrically conductive core and an outer insulat 
ing layer. The apparatus includes a coupling that electrically 
interconnects the ?rst and second cables, Wherein the cou 
pling de?nes a ?rst ?uid pathWay that connects the core of the 
?rst cable in ?uid communication With the core of the second 
cable; and at least one internal ?uid reservoir disposed in ?uid 
communication With the core of the ?rst or second cable. 

In accordance With another embodiment of the present 
invention, an apparatus for interconnecting a ?rst cable and a 
second cable is provided. The ?rst and second cables each 
comprise an exposed electrically conductive core and an 
outer insulating layer. The apparatus includes a coupling that 
electrically interconnects the ?rst and second cables. The 
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2 
coupling de?nes a ?rst ?uid pathWay that connects the core of 
the ?rst cable in ?uid communication With the core of the 
second cable. The apparatus further includes at least one 
internal ?uid reservoir disposed in ?uid communication With 
either core of the ?rst or second cable, and an actuator cham 
ber ?uidly isolated from the at least one internal ?uid reser 
voir. 

In accordance With another embodiment of the present 
invention, an apparatus for interconnecting a ?rst cable and a 
second cable is provided. The ?rst and second cables each 
comprise an exposed electrically conductive core and an 
outer insulating layer. The apparatus includes a housing that 
de?nes a sealable interior cavity and a coupling disposed in 
the interior cavity. The coupling electrically and mechani 
cally interconnects the ?rst and second cables. The coupling 
de?nes a ?rst ?uid pathWay that connects the core of the ?rst 
cable in ?uid communication With the core of the second 
cable. The apparatus further includes a ?uid reservoir dis 
posed in the interior cavity, and means for forcing the contents 
of the ?uid reservoir into the core of the ?rst or second cable. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing aspects and many of the attendant advan 
tages of this invention Will become more readily appreciated 
by reference to the folloWing detailed description, When taken 
in conjunction With the accompanying draWings, Wherein: 

FIG. 1 is a perspective, partial cross sectional vieW of one 
exemplary embodiment of a cable connector constructed in 
accordance With aspects of the present invention; 

FIG. 2 is a perspective, partial cross sectional vieW of one 
suitable embodiment of an inner connector assembly suitable 
for use With the outer connector housing shoWn in FIG. 1; 

FIG. 3 is a cross sectional vieW ofthe left side ofthe cable 
connector shoWn in FIG. 1, the right side having a substan 
tially identical con?guration; 

FIG. 4 is a perspective, partial cross sectional vieW of 
another exemplary embodiment of an inner connector assem 
bly suitable for use With the outer connector housing shoWn in 
FIG. 1; 

FIG. 5 is a perspective, partial cross sectional vieW of 
another exemplary embodiment of an inner connector assem 
bly suitable for use With the outer connector housing shoWn in 
FIG. 1; 

FIG. 6 is a perspective, partial cross sectional vieW of 
another exemplary embodiment of an inner connector assem 
bly suitable for use With the outer connector housing shoWn in 
FIG. 1 and shoWing parts thereof, such as a collar, cut-aWay 
for clarity; 

FIG. 7 is a perspective, partial cross sectional vieW of 
another exemplary embodiment of an inner connector assem 
bly suitable for use With the outer connector housing shoWn in 
FIG. 1; and 

FIG. 8 is a perspective, partial cross sectional vieW of yet 
another exemplary embodiment of an inner connector assem 
bly suitable for use With the outer connector housing shoWn in 
FIG. 1. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Aspects of the present invention Will noW be described With 
reference to the draWings Where like numerals correspond to 
like elements. Embodiments of the present invention are 
directed to cable connectors, such as cable splice connectors, 
suitable for interconnecting or splicing together at least tWo 
cables or cable sections. More speci?cally, embodiments of 
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present invention are generally directed to cable connectors 
that interconnect or splice together at least tWo cables or cable 
sections While providing at least one ?uid pathWay for reme 
diation ?uid to ?oW therebetWeen. Additionally, some 
embodiments of the present invention include one or more 
internal cavities, referred herein as ?uid reservoirs, that are 
capable of storing a selected volume of remediation ?uid for 
subsequent introduction or reintroduction to the cables or 
cable sections. Although exemplary embodiments of the 
present invention Will be described hereinafter as suitable for 
interconnecting or splicing electrical poWer cables or cable 
sections, it Will be appreciated that aspects of the present 
invention have Wide application, and may be suitable for 
interconnecting other cables or cable sections having an insu 
lation overlayer, such as optical or data transmission cable. 
Accordingly, the folloWing descriptions and illustrations 
herein should be considered illustrative in nature, and thus, 
not limiting the scope of the present invention, as claimed. 

FIG. 1 illustrates a perspective, partial cross sectional vieW 
of one exemplary embodiment of a cable connector 20 con 
structed in accordance With aspects of the present invention. 
Generally described, the cable connector 20 includes an inner 
connector assembly 24 and an outer connector housing 26. In 
use, the cable connector 20 securely fastens or splices 
together at least tWo cables or cable sections 30 and 32 in 
electrical communication While also providing ?uid commu 
nication therebetWeen. The cable connector 20 further pro 
tects, and preferably seals off, the connection interface 
betWeen the cables or cable sections 30 and 32 from the 
environment. 

In one embodiment, the cables or cable sections 30 and 32 
each include a conductive core 36 and an insulation layer 40. 
The cables or cable sections 30 and 32 may include other 
components Well knoWn in the art, such as an outer protective 
jacket and a plurality of longitudinally extending conductive 
neutral Wires. The insulation layer 40 has a generally tubular 
con?guration that extends the length of the cables or cable 
sections 30 and 32. The insulation layer 40 is suitably formed 
from a high molecular Weight polyethylene (HMWPE) poly 
mer, a cross-linked polyethylene @(LPE), an ethylene-propy 
lene rubber (EPR) or other solid dielectrics, Wherein each 
may include Water tree retardants, ?llers, anti-oxidants, UV 
stabiliZers, etc. 
The conductive core 36 is coaxially received Within the 

insulation layer 40 and is centrally located therein. The con 
ductive core 36 includes a plurality of electrically conductive 
stands, although a single strand may also be used. The strands 
of the conductive core 36 are constructed of a suitable con 

ductive material, such as copper, aluminum, etc. In one 
embodiment, the conductive core 36 may be surrounded by a 
semiconductive or insulating strand shield (not shoWn). The 
strand shield may be suitably formed from a compound that 
includes polyethylene or a similar material and surrounds the 
conductive core 36 such that it is disposed betWeen the con 
ductive core 36 and the insulation layer 40. 

In one embodiment, the cables or cable sections 30 and 32 
are multiple conductive strand poWer cables, such as medium 
voltage cables that carry betWeen 5,000 and 35,000 volts. 
Even though poWer cables are illustrated in embodiments 
herein, it should be apparent that other cables or cables sec 
tions, such as loW voltage poWer cables, transmission voltage 
poWer cables, control cables, and communication cables 
including conductive pair, telephone, and digital communi 
cation cables, are also Within the scope of the present inven 
tion. Thus, it should be apparent that Within the meaning of 
the present invention, a cable or cable section not only 
includes electrical cables, but also light transmitting cables. 
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4 
Referring to FIGS. 1-3, the components of the cable con 

nector 20 Will noW be described in detail. As described above, 
one embodiment of the cable connector 20 includes an inner 
connector assembly 24 and an outer connector housing 26. As 
best shoWn in FIGS. 1 and 3, the outer connector housing 26 
de?nes an interior cavity 44 for encasing the inner connector 
assembly 24. At its ends, the outer connector housing 26 
includes ?rst and second openings 46 and 48 for providing 
access to the interior cavity 44. The openings 46 and 48 are 
siZed and con?gured for introducing the ?rst and second 
cable sections 30 and 32, respectively, into interior cavity 44. 
In one embodiment, the outer connector housing 26 com 
prises an insulating layer 50 that is sandWiched betWeen inner 
and outer semi-conductive shells 54 and 56. 

Referring noW to FIGS. 2 and 3, the inner connector assem 
bly 24 comprises an inner connector housing 58 that houses a 
cable coupling 60 and one or more ?uid reservoirs 62 that 
store remediation ?uid. In the embodiment shoWn, the cable 
coupling 60 is a tubular structure constructed of an electri 
cally conductive material, such as aluminum, copper, or suit 
able alloy. The cable coupling 60 de?nes an exterior surface 
64, ends 68 and 70, and a through bore 74 that terminates as 
openings 76 and 78 at ends 68 and 70 of the cable coupling 60, 
respectively. The openings 76 and 78 of the through bore 74 
are siZed and con?gured for receiving conductive cores 36 of 
the electrical cables or cable section 30 and 32, respectively. 
When assembled, portions of cables or cable sections 30 

and 32 that have been stripped to remove the outer insulation 
layer 40 and other optional layers from the cables or cable 
sections are inserted into openings 76 and 78, respectively, 
and securely a?ixed thereto by techniques such as crimping, 
soldering, or adhesive bonding, to name a feW. When af?xed 
thereto, the cores 36 are electrically connected to the cable 
coupling 60 by direct contact, through the a?ixing mecha 
nism, such as solder, etc, or other knoWn techniques. As a 
result, the core 36 of the ?rst cable or cable section 30 is 
electrically connected to the core 36 of the second cable or 
cable section 32 via the cable coupling 60. 
The lengths of the exposed cores 36 are su?icient to extend 

into the through bore 74 at openings 76 and 78, as Well as to 
extend outside of the cable coupling 60, When assembled. By 
extending outside of the cable coupling 60, a gap 80 is formed 
at both ends 68 and 70 of the cable coupling 60 betWeen the 
insulation layer 40 of each cable or cable section 30 and 32 
and the end faces of the cable coupling 60. The cores 36 of the 
cables or cable sections 30 and 32 preferably do not touch 
When assembled, thereby leaving an interior space betWeen 
the ends of the cables or cable sections 30 and 32. Therefore, 
in accordance With one aspect of the present invention, the 
cable coupling 60 provides a ?rst pathWay 84 for remediation 
?uid that is introduced into the cables or cable sections 30 and 
32 to intercommunicate therebetWeen. Accordingly, ?uid 
supplied to either cable or cable section 30 or 32 from the 
opposite ends thereof may ?oW to the other cable or cable 
section 30 or 32 through the ?uid pathWay 84. 

In one embodiment, the ends of the cables or cable sections 
30 and 32 When inserted into the openings 76 and 78 are then 
secured in an electrically conductive manner to the cable 
coupling 60 by crimping each end 68 and 70 of the cable 
coupling 60, as knoWn in the art. Crimping guides (not 
shoWn) may be provided on the exterior surface 64 of the 
cable coupling 60 to demark the appropriate location of 
crimping. Strain relief grooves (not shoWn) may be located on 
the exterior surface 64 of the cable coupling 60 adjacent the 
crimping guides, respectively, and provide relief from strain 
forces generated as the cable coupling 60 is crimped. 
Although a cable coupling 60 that is crimped around the cores 
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for providing a mechanical and electrical connection therebe 
tWeen is suitable for embodiments of the present invention, 
such embodiments of the invention are not intended to be so 
limited. For example, the cable coupling 60 can be substituted 
With any mechanical device con?gured to suf?ciently a?ix 
the tWo cable cores in electrical communication While alloW 
ing ?uidic intercommunication therebetWeen. 

The inner connector assembly 24 further includes one or 
more internal ?uid reservoirs 62 that are capable of storing 
remediation ?uid, such as CABLECURE®, CABLE 
CURE®/XL, CABLECURE®/SD, CABLECURE®/CB, 
Acetephenone, etc. In the embodiment shoWn, the internal 
?uid reservoirs 62 are de?ned by one or more bladders 82. 
Each bladder 82 is preferably constructed from a pliable but 
impermeable material, such as an elastomer, e. g., rubber. As 
such, each ?uid reservoir 62 may have a selectively adjustable 
inner volume. The bladders 82 are disposed in surrounding 
relation With the gaps 80. In the embodiment shoWn, the 
bladders 82 include openings disposed at their end sections 
86 and 88. The end section openings of the bladders 82 
receive therein respective portions of the cable coupling 60 
and the cables or cable sections 30 and 32. The bladders 82 are 
suitably coupled in a sealed manner at their end sections 86 
and 88 to the cable coupling 60 and the insulation layers 40 of 
the cables or cable sections 30 and 32, respectively. In one 
embodiment, the end sections 86 and 88 of the bladders 82 are 
removably af?xed to the cable coupling 60 and the cables or 
cable sections 30 and 32 in a sealed manner by conventional 
band clamps 90; hoWever, other removable and non-remov 
able a?ixation techniques may be used, if desired. When 
assembled, the ?uid reservoirs 62 de?ned by the bladders 82 
are connected in ?uid communication With the gaps 80. 
Accordingly, ?uid injected into the cables or cable sections 30 
and 32 may further be introduced into the bladders 82. 

In accordance With another aspect of the present invention, 
the cable coupling 60 further includes one or more openings 
92 disposed in its side Wall, as best shoWn in FIG. 2. The 
openings 92 are con?gured to provide ?uid communication 
With a portion of the through bore 74 from a location external 
the cable coupling 60. In one embodiment, the openings 92 
are disposed inWardly from the ends of the a?ixed cores 36 so 
that the openings 92 are connected in ?uid communication 
With the ?uid pathWay 84. When the bladders 82 are af?xed to 
the cable coupling 60, the ?uid reservoirs 62 are connected in 
?uid communication With the openings 92. As such, the ?uid 
reservoirs 62 are connected in ?uid communication With the 
?uid pathWay 84 via the openings 92. 

While the ?uid reservoirs 62 are de?ned in this embodi 
ment by ?exible bladders 82, it Will be appreciated that rigid 
or semi-rigid bladders may also be used. Additionally, it Will 
be appreciated that other expandable and non-expandable 
structures that de?ne ?uid reservoirs may be practiced With 
embodiments of the present invention. Further, While tWo 
bladders Were shoWn and described, it Will be appreciated that 
in some embodiments, one or both of the bladders may be 
omitted. 

The inner connector assembly 24 further includes an inner 
connector housing 58 that de?nes an interior cavity 104 for 
encasing the internal components of the assembly, including 
the cable coupling 60 and the ?uid reservoirs 62. In one 
embodiment, the interior cavity 104 is oversiZed so as to 
create space betWeen the internal components of the assem 
bly and the inner connector housing 58, the bene?t of Which 
Will be described in detail beloW. In the embodiment shoWn, 
the inner connector housing 58 is assembled from ?rst and 
second end sections 108, 110 and a main body section 114. 
While a cylindrical housing is shoWn, other shapes may be 
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6 
practiced With and are considered to be Within the scope of the 
present invention. The end sections 108, 110 may be remov 
ably or non-removably connected to the main body section 
114. In one embodiment, the end sections 108, 110 may be 
removably connected to the main body section 114 through 
cooperating threaded engagement (not shoWn); hoWever 
other knoWn techniques may be used. The end sections 108 
and 110 de?ne aligned openings for introducing the cables or 
cable sections 30 and 32 into the interior cavity 104. 

In the embodiment shoWn, the interior cavity 104 is sealed 
at its ends by compression seals 116 and 118. Alternatively, 
the cavity 104 may be sealed by o-rings, compression rings, 
gaskets, sealing threads or any other suitable seals or sealing 
means capable of isolating the interior cavity 104 of the inner 
connector housing 58 from the environment. The compres 
sion seals 116 and 118 rest against inner peripheral shoulder 
regions 120 de?ned by the main body section 114 at each end. 
In one embodiment, the compression seals 116 and 118 are 
formed by an elastomeric disc 122 sandWiched betWeen tWo 
discs 124 and 126 constructed of a material harder than that of 
the elastomeric disc 122. 

When assembled, the seals 116 and 118 are concentrically 
disposed over the insulation layer 40 of the cables or cable 
sections 30 and 32. The end sections 108, 110 press the seals 
116 and 118 against the shoulder regions 120 of the main 
body section 114, thereby compressing the elastomeric discs 
122. By compressing the elastomeric discs 122, the elasto 
meric discs 122 expand outWardly and contact the inner sur 
face of the main body section 114 and the outer surface of the 
insulation layer 40 in sealing engagement. 

In one embodiment, the remaining space that surrounds the 
bladders 82 Within the interior cavity 104 of the inner con 
nector housing 58 may be used to contain pressurized ?uid for 
applying pressure against the bladders 82. As such, the 
remaining space may be referred to as an actuator chamber. 
An actuator chamber access port 130 may be disposed in the 
inner connector housing 58 for introducing a pressurized 
?uid, such as gas, into the actuator chamber. In several 
embodiments, pressures Within the actuator chamber are con 
templated to be approximately 3-10 psi. 

Although chamber pressures Within the range of 3-10 psi 
are described in one embodiment, it should be apparent that 
the embodiments of the present invention are not intended to 
be so limited. As a non-limiting example, high chamber pres 
sures are also Within the scope of the present invention. There 
fore, pressure ranges cited herein are intended to be non 
limiting examples, and as such, a Wide range of chamber 
pressures are Within the scope of the present invention. It Will 
be appreciated that the actuator chamber access port 130 may 
be ?tted With a suitable valving mechanism 134, such as a 
poppet valve, for providing selective access to the actuator 
chamber. 

It Will be appreciated that the shape of the bladders 82 are 
determined by the amount of ?uid it contains and the pressure 
that is applied thereto. While the preferred embodiment uti 
liZes compressed gas as the force generator, polymeric bush 
ings, compression springs or the like could be used to pres 
suriZe the remediation ?uid contained in the bladders 82 by 
applying force against the bladders 82 or through an interme 
diary device, such as a piston, to more evenly distribute the 
force. Such a force generator Would not require the actuator 
chamber access port. 

Still referring to FIG. 2, the inner connector housing 58 is 
electrically connected to the cable coupling 60 for maintain 
ing the inner connector housing 58 at the same voltage poten 
tial as the cable coupling 60. In the embodiment shoWn, an 
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electrically conductive member 140, such as a metallic bolt or 
spring, contacts the cable coupling 60 and a portion of the 
inner connector housing 58. 

In operation, remediation ?uid is pumped or otherWise 
injected into the cables or cable sections 30 and 32 from the 
opposite end of the cable connector 20. As the remediation 
?uid passes through the cables or cables sections 30 and 32, it 
exits the cables or cable sections 30 and 32 by passing through 
the interstitial spaces betWeen the strands of the exposed 
cores 36 and ?lls the ?uid reservoirs 62 de?ned by the blad 
ders 82. The pumping process continues until additional 
remediation ?uid is pumped into the cable connector 20 to ?ll 
the ?uid reservoirs 62 of the bladder 82. Doing so provides the 
bladders 82 With additional remediation ?uid Which, over a 
period of time, is introduced or forced into the cables or cable 
sections 30 and 32, replacing that Which is lost by diffusion 
into the cable insulation. After the electrical connector 20 and 
cable 40 have been ?lled With remediation ?uid, the remedia 
tion ?uidbegins to diffuse into the cable insulation. As ?uid is 
depleted in the cables or cable sections 30 and 32, it is replen 
ished by the ?uid remaining in the ?uid reservoirs 62. 

In embodiments Where the actuator chamber is pressur 
iZed, compressed gas may be selectively injected into the 
actuator chamber through the access port 130 prior to ?uid 
injection. During use, the pressurized ?uid contained Within 
the actuator chamber applies pressure against the bladders 82, 
Which in turn, applies pressure to the ?uid occupying the ?uid 
reservoirs 62. It Will be appreciated that the pressure exerted 
against the bladders 82 aids in driving the ?uid from the 
bladders 82 into the cable or cable sections 30 and 32. 

FIG. 4 illustrates another exemplary embodiment of an 
inner connector assembly 224 constructed in accordance With 
aspects of the present invention for use With the outer con 
nector housing 26 of FIG. 1. The inner connector assembly 
224 is substantially similar in materials, construction, and 
operation as the inner connector assembly 24 of FIG. 1, 
except for the differences that Will noW be described. In this 
embodiment, a single bladder 282 that de?nes a ?uid reser 
voir 262 is utiliZed. The bladder 282 extends from the insu 
lation layer 240 of the ?rst cable or cable section 230 to the 
insulation layer 240 of the second cable or cable section 232, 
thereby covering the gaps 280 formed by the exposed cores 
236 of the ?rst and second cable or cable sections 230 and 
232. 

The bladder 282 is preferably constructed of a semi-con 
ductive elastomeric material. When assembled, the bladder 
282 is electrically connected to the inner assembly housing 
258. In the embodiment shoWn, an electrically conductive 
member 228 electrically connects the bladder 282 to a portion 
of the inner assembly housing 258. In the embodiment shoWn, 
a conductive adapter 296 is provided that electrically links the 
exposed core 236 to the bladder 282. The adapter 296 contacts 
and is retained against the exposed core 236 of the second 
cable or cable section 232 by a band clamp. The adapter 296 
further contacts and is retained against the inner surface of 
one end section of the bladder 282 by a band clamp 290. 

FIG. 5 illustrates another exemplary embodiment of an 
inner connector assembly 324 constructed in accordance With 
aspects of the present invention for use With the outer con 
nector housing 26 of FIG. 1. The inner connector assembly 
324 is substantially similar in materials, construction, and 
operation as the inner connector assembly 24 of FIG. 1, 
except for the differences that Will noW be described. In this 
embodiment, the bladders are omitted and in their stead are 
one stationary piston 366 and one movable piston 372 that 
de?ne three ?uid tight chambers 394A-394C. The ?rst and 
third chambers 394A and 394C are disposed in ?uid commu 
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8 
nication With the gaps 380 formed by the exposed cores of the 
cables or cable sections 330 and 332. The ?rst and third 
chambers 394A and 394C are ?lled With remediation ?uid 
during use, and therefore, can be referred to as ?uid reser 
voirs. The second chamber 394B, located in betWeen the ?rst 
and third chambers 394A and 394C, may be ?lled With com 
pressed gas, and therefore, can be referred to as an actuation 
chamber. When assembled, the pistons 366 and 372 are dis 
posed on a holloW sleeve 398, Which is concentrically dis 
posed over the coupling 360. 
The holloW sleeve 398 de?nes a constant outer diameter. 

The stationary piston 366 is ?xedly coupled at one end of the 
sleeve 398 by techniques knoWn in the art, such as Welding, 
mechanical fasteners, etc. While the movable piston 372 is 
slidably coupled in a sealing manner to the sleeve 398. At the 
end of the sleeve 398 opposite the stationary piston 366, a 
stopper ring 338 is ?xedly attached thereto for providing an 
end stop for the movable piston 372. In use, the movable 
piston 372 is capable of sliding betWeen the stationary piston 
366 and the stopper ring 338. The pistons 366 and 372 are 
both con?gured to sealingly engage the sleeve 398 at their 
inner circumferential surface as Well as sealingly engage the 
inner surface of the inner assembly housing 358. Accord 
ingly, each chamber 394A-394C is ?uidly isolated from one 
another. 

In one embodiment, the innerbore of the sleeve 398 is siZed 
and con?gured to provide space betWeen the inner surface of 
the sleeve bore and the outer surface 364 of the coupling 360. 
In this embodiment, the space created betWeen the coupling 
and the sleeve forms a second ?uid pathWay. Alternatively, 
the inner bore of the sleeve 398 may be siZed and con?gured 
to slidably contact the outer surface 364 of the coupling 360. 

While a sleeve 398 has been proved in the illustrative 
embodiment, it Will be appreciated that the sleeve 398 may be 
replaced by con?guring the exterior surface 364 of the cable 
coupling 360 With a constant diameter. 

The stationary piston 366 may further include an access 
port 342. The access port 342 provides access to the second, 
actuator chamber 394B for supplying pressurized gas thereto. 
The movable piston 372 further includes contact protrusions 
328 positioned at the inner and outer peripheries of the piston 
372 such that the protrusions 328 remain in contact With the 
sleeve 398 and the inner connector housing 358 during use. 
The piston 372 is preferably constructed of a conductive or 
semiconductive material so that the inner connector housing 
358 is electrically connected to the sleeve 398. In embodi 
ments Where a space is formed betWeen the sleeve 398 and the 
cable coupling 360, a conductive link may be provided for 
electrically connecting the coupling 360 With the sleeve 398. 

FIG. 6 illustrates another exemplary embodiment of an 
inner connector assembly 424 constructed in accordance With 
aspects of the present invention for use With the outer con 
nector housing 26 of FIG. 1. The inner connector assembly 
424 is substantially similar in materials, construction, and 
operation as the inner connector assembly 324 of FIG. 5, 
except for the differences that Will noW be described. In this 
embodiment, the stationary piston is permitted to move, and 
is hereinafter referred to as movable piston 466. The movable 
pistons 466 and 472 de?ne three ?uid tight chambers 494A 
494C. The ?rst and third chambers 494A and 494C are dis 
posed in ?uid communication With the gaps 480 formed by 
the exposed cores 436 of the cables or cable sections 430 and 
432. The ?rst and third chambers 494A and 494C are ?lled 
With remediation ?uid during use, and therefore, can be 
referred to as ?uid reservoirs. The second chamber 494B, 
located in betWeen the ?rst and third chambers 494A and 
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494C, may be ?lled With compressed gas, and therefore, can 
be referred to as an actuator chamber. 

Pairs of stopper rings 438 are ?tted at the ends of the sleeve 
498 and in the center region of the sleeve 498 for providing 
end stops for the movable pistons 466 and 472. In use, the 
pistons 466 and 472 are capable of sliding betWeen the inner 
and outer stopper rings 438. The pistons 466 and 472 are 
con?gured to sealingly engage the sleeve 498 at its inner 
circumferential surface and sealingly engages the inner sur 
face of the inner assembly housing 458. Accordingly, each 
chamber is ?uidly isolated from one another. The inner con 
nector housing 458 further includes an actuator chamber 
access port 434 for providing access to the actuator chamber. 
It Will be appreciated that the actuator chamber access port 
434 may be ?tted With a suitable valving mechanism 456, 
such as a poppet valve, for providing selective access to the 
actuator chamber. In use, pressurized ?uid introduced and 
stored Within the actuator chamber exerts pressure on the ?uid 
chambers 494A and 494C via the movable pistons 466 and 
472, thereby driving the remediation ?uid contained therein 
into the cables or cable sections 430 and 432. 

While the preferred embodiments utilize compressed gas 
as the force generator, polymeric bushings, compression 
springs or the like could be used to pressurize the remediation 
?uid contained in the ?uid chambers 494A and 494C by 
applying force thereagainst. Such a force generator Would not 
require the actuator chamber access port. 

FIG. 7 illustrates another exemplary embodiment of an 
inner connector assembly 524 constructed in accordance With 
aspects of the present invention for use With the outer con 
nector housing 26 of FIG. 1. The inner connector assembly 
524 of the present embodiment is intended to be used in a 
substantially vertical orientation. HoWever, it should be 
apparent to one of ordinary skill that the inner connector 
assembly 524 is not intended to be so limited. As non-limiting 
examples, the inner connector assembly 524 may be posi 
tioned in a substantially horizontal, oblique, or obtuse angular 
orientation. Such embodiments are also Within the scope of 
the present invention. 

The inner connector assembly 524 is substantially similar 
in materials, construction, and operation as the inner connec 
tor assembly 24 of FIG. 1, except for the differences that Will 
noW be described. As best shoWn in FIG. 7, the bladders of 
FIG. 1 are replaced by an elongated holloW sleeve 598 dis 
posed in concentric relation With the cable coupling 560. One 
end of the sleeve 598 covers the insulation layer 540 of either 
the ?rst or second cable or cable section 530 or 532. The 
sleeve 598 extends from the insulation layer 540 of one cable 
or cable section 530 or 532 toWard the opposite end of the 
coupling 560. 

The end of the sleeve 598 is sealingly engaged With the 
insulation layer 540. In one embodiment, the inner surface of 
the sleeve bore may include one or more peripheral grooves 
for receiving seals, such as o-rings, to create a sealing inter 
face betWeen the insulation layer 540 and the inner surface of 
the sleeve 598. Alternatively, the sealing connection may be 
achieved by heat bonding, adhesives, heat shrinking seals, or 
clamp rings, just to name a feW. 

The inner bore of the sleeve 598 is sized so as to de?ne a 
?uid passageWay 552 in-betWeen the inner bore surface of the 
sleeve 598 and the outer surface 564 of the coupling 560. The 
outer surface of the sleeve 598 is sized so that space is pro 
vided for de?ning a ?uid reservoir betWeen the outer surface 
of the sleeve 598 and the inner connector housing 558. The 
sleeve 598 is electrically connected to the inner connector 
housing 558 by conductive link 528. The sleeve 598 may be 
electrically connected to the coupling 560 or the cores of the 
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10 
?rst or second cable or cable section 530 or 532. Thus, the 
inner connector housing 558 may remain at the same voltage 
potential as the coupling 560. 

FIG. 8 illustrates another exemplary embodiment of an 
inner connector assembly 624 constructed in accordance With 
aspects of the present invention, Which is suitable foruse With 
the outer connector housing 26 of FIG. 1. The inner connector 
assembly 624 is substantially similar in materials, construc 
tion, and operation as the inner connector assembly 24 of FIG. 
1, except for the differences that Will noW be described. In this 
embodiment, the inner connector housing 658 de?nes an 
interior cavity 659 for encasing the internal components of 
the assembly, including the cable coupling 660 and an elastic 
bladder 682. In one embodiment, the interior cavity 659 is 
oversized so as to create space betWeen the internal compo 
nents of the assembly and the inner connector housing 658. In 
use, as Will be described in detail beloW, this space is ?lled 
With remediation ?uid, and thus, may be referred to as a ?uid 
reservoir. 
When assembled, the bladder 682 is disposed Within the 

interior cavity 659 of the inner connector housing 658 and 
extends along a portion of the cable coupling 660. In one 
embodiment, the bladder is disposed in surrounding relation 
With the cable coupling 660 and extends from the insulation 
layer of cable 630 to the insulation layer of cable 632. In this 
embodiment, the bladder 682 is preferably not sealed at its 
ends to the insulation layer 640 of the cable or cable sections 
630 and 632, and thus, alloWs ?uid When present to ?oW 
betWeen the gaps 680 and the ?uid reservoir de?ned by the 
interior cavity. The bladder 682 de?nes an interior chamber 
that in one embodiment my contain a gas under pressure, as 
Will be described in detail beloW. In one embodiment, the 
bladder 682 has a U-shaped cross section for providing appro 
priate ?uid ?oW betWeen the gaps 680 and the ?uid reservoir, 
While further providing space for an electrically conductive 
member 628, such as a metallic bolt or spring, to electrically 
link the cable coupling 660 With the inner connector housing 
658. Alternatively, to electrically link the inner connector 
housing 658 and the cable coupling 660 for maintaining the 
inner connector housing 658 at the same voltage potential as 
the cable coupling 660, the bladder 682 may be constructed of 
a conductive or semi-conductive material and may be con?g 
ured and arranged to suitably interconnect the cable coupling 
660 and the inner connector housing 658 in electrical com 
munication. It Will be appreciated that in such an embodi 
ment, the bladder 682 can have cross-sectional shapes other 
than U-shaped. 

In one embodiment, an interior chamber 685 de?ned by the 
bladder 682 may contain or be ?lled With gas under pressure, 
and may be referred to as an actuator chamber. To that end, the 
bladder 682 includes a valved inlet (not shoWn but Well 
knoWn in the art) for selectively accessing the interior cham 
ber 685 of the bladder 682. In embodiments of the present 
invention, the bladder 682 may be ?lled With pressurized gas 
prior to assembly, or may be ?lled after assembly of the inner 
connector housing 658 through a valve 687, such as a poppet 
valve, located in the inner connector housing 658. A ?uid 
passageWay is provided that interconnects the valve and the 
interior chamber of the bladder 682 in ?uid communication. 
In either case, it is preferable to ?ll the interior chamber 685 
of the bladder 682 With pressurized gas prior to the introduc 
tion of remediation ?uid into the cable or cable sections 630 
and 632. In one embodiment, the gas contained in the interior 
chamber 685 is initially pressurized to approximately 5 psi, 
although other pressures may be practiced With the present 
invention, and thus, are Within the scope of the present inven 
tion. 
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Prior to use, the inner connector housing 658 is assembled 
in a ?uid tight manner and the bladder 682 can be optionally 
?lled With pressurized gas. Fluid is then injected into the 
cables or cable sections 630 and 632 from the opposite end of 
the inner connector housing 658. As the remediation ?uid 
passes through the cables or cables sections 630 and 632, it 
exits the cables or cable sections 630 and 632 by passing 
through the interstitial spaces betWeen the strands of the 
exposed cores 636 at gaps 680 and ?lls the ?uid reservoir. 

In embodiments Where the bladder 682 is ?lled With pres 
surized gas, the ?uid injected into the cables or cable sections 
630 and 632 is preferably injected into the cables or cable 
sections 630 and 632 at a higher pressure than the gas con 
tained in the bladder interior chamber 685. As the ?uid is 
injected into the cables or cable sections 630 and 632, the 
?uid continuously ?lls the ?uid reservoir as it exits the cables 
or cable sections 630 and 632 at gaps 680. While ?uid occu 
pies the ?uid reservoir, the ?uid exerts pressure against the 
bladder 682, thereby compressing the bladder 682 into a 
smaller volume. By compressing the bladder 682 into a 
smaller volume, the volume or ?uid capacity of the ?uid 
reservoir increases. This decrease in the volume of the blad 
der interior chamber 685 increases the internal pressure of the 
pressurized gas contained therein. This process continues 
until an equilibrium betWeen the ?uid pressure in the ?uid 
reservoir and the pressurized gas Within the bladder 682 is 
reached. 

During use, the remediation ?uid stored in the ?uid reser 
voir is introduced over a period of time into the cables or cable 
sections 630 and 632, replacing that Which is lost by diffusion 
into the cable insulation. In embodiments Where the bladder 
interior chamber 685 is ?lled With pressurized gas, the pres 
surized gas contained Within the interior chamber 685 applies 
pressure against the ?uid contained in the ?uid reservoir and 
imparts a driving force against the ?uid to force the ?uid from 
the ?uid reservoir into the cable or cable sections 630 and 632. 
It Will be appreciated that the bladder could also be an or 
contain therein an elastomeric spring. 

The principles, preferred embodiments, and modes of 
operation of the present invention have been described in the 
foregoing description. HoWever, the invention Which is 
intended to be protected is not to be construed as limited to the 
particular embodiments disclosed. Further, the embodiments 
described herein are to be regarded as illustrative rather than 
restrictive. Variations and changes may be made by others, 
and equivalents employed, Without departing from the spirit 
of the present invention. Accordingly, it is expressly intended 
that all such variations, changes, and equivalents Which fall 
Within the spirit and scope of the present invention. 

The embodiments of the invention in Which an exclusive 
property or privilege is claimed are de?ned as folloWs: 

1. An apparatus for interconnecting a ?rst cable and a 
second cable, Wherein said ?rst and second cables each com 
prise an exposed electrically conductive core and an outer 
insulating layer, the apparatus comprising: 

a coupling that electrically interconnects the ?rst and sec 
ond cables by receiving at least a portion of the ?rst and 
second cables Within a through bore of the coupling, 
Wherein the coupling de?nes a ?rst ?uid pathWay Within 
the coupling that connects the core of the ?rst cable in 
?uid communication With the core of the second cable; 
and 

at least one internal ?uid reservoir disposed in ?uid com 
munication With the core of the ?rst or second cable. 

2. The apparatus of claim 1, Wherein the internal ?uid 
reservoir is sealed from the environment. 
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12 
3. The apparatus of claim 1, further comprising a bladder, 

Wherein the bladder de?nes the internal ?uid reservoir. 
4. The apparatus of claim 3, Wherein pressurized ?uid 

occupies the bladder. 
5. The apparatus of claim 3, Wherein the bladder is rigid or 

expandable. 
6. The apparatus of claim 3, Wherein the bladder is con 

structed of a semi-conductive material. 
7. The apparatus of claim 3, Wherein the bladder is con 

nected in electrical communication With the coupling or the 
?rst or second core. 

8. The apparatus of claim 1, further comprising a housing 
that encases the coupling, Wherein the housing de?nes the 
?uid reservoir. 

9. The apparatus of claim 8, Wherein the housing electri 
cally contacts the coupling and/ or the core. 

10. The apparatus of claim 1, Wherein the ?uid reservoir is 
disposed in ?uid communication With the ?rst and second 
cables. 

11. The apparatus of claim 1, further comprising means for 
forcing ?uid into the ?rst or second cable. 

12. The apparatus of claim 1, further comprising an actua 
tor chamber, Wherein the actuator chamber is ?uidly isolated 
from the ?uid reservoir. 

13. The apparatus of claim 12, Wherein the actuator cham 
ber contains ?uid under pressure. 

14. The apparatus of claim 13, Wherein the pressurized 
?uid exerts pressure against ?uid contained in the ?uid res 
ervoir. 

15. The apparatus of claim 12, Wherein the actuator cham 
ber is de?ned by a bladder. 

16. The apparatus of claim 12, further comprising a hous 
ing that encases the coupling, Wherein the housing de?nes the 
actuator chamber. 

17. The apparatus of claim 12, further comprising a piston 
separating the ?uid reservoir and the actuator chamber, 
Wherein the piston is movable in the direction of the ?uid 
reservoir upon application of pressure from the actuator 
chamber. 

18. The apparatus of claim 17, Wherein the pressure is 
supplied by a biasing device or pressurized ?uid. 

19. The apparatus of claim 1, Wherein the ?uid reservoir is 
exposed to externally applied pressure for driving ?uid from 
the ?uid reservoir into the ?rst or second cable. 

20. The apparatus of claim 19, Wherein the pressure is 
supplied by a biasing device or pressurized ?uid. 

21. The apparatus of claim 1, Wherein the ?uid reservoir is 
exposed to internally applied pressure for driving ?uid from 
the ?uid reservoir into the ?rst or second cable. 

22. The apparatus of claim 1, further comprising means for 
applying pressure against ?uid disposed in the internal ?uid 
reservoir. 

23. The apparatus of claim 1, Wherein the ?uid reservoir 
has an adjustable volume. 

24. The apparatus of claim 1, further comprising a second 
interior ?uid reservoir disposed in ?uid communication With 
the core of the other of the ?rst or second cable. 

25. The apparatus of claim 1, further comprising a sleeve 
having an inner bore, the coupling being concentrically dis 
posed Within the inner bore, Wherein the coupling extends 
along at least a portion of the sleeve. 

26. The apparatus of claim 25, Wherein the sleeve is con 
?gured such that a second ?uid pathWay is formed betWeen 
the inner surface of the inner bore and the exterior surface of 
the coupling, the second ?uid pathWay extending from one 
end of the sleeve to the other. 
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27. An apparatus for interconnecting a ?rst cable and a 
second cable, Wherein said ?rst and second cables each com 
prise an exposed electrically conductive core and an outer 
insulating layer, the apparatus comprising: 

a coupling having a through bore siZed and con?gured to 
receive at least a portion of the ?rst and second cables, 
the coupling electrically interconnecting the ?rst and 
second cables When the at least a portion of the ?rst and 
second cables are received Within the coupling, Wherein 
the coupling de?nes a ?rst ?uid pathWay Within the 
coupling that connects the core of the ?rst cable in ?uid 
communication With the core of the second cable; 

at least one internal ?uid reservoir disposed in ?uid com 
munication With either core of the ?rst and/or second 

cable; and 
an actuator chamber ?uidly isolated from the at least one 

internal ?uid reservoir. 

28. The apparatus of claim 27, Wherein the contents of the 
actuator chamber generates a force that is imparted against 
?uid disposed in the at least one internal ?uid reservoir. 
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29. The apparatus of claim 28, further comprising ?rst and 

second internal ?uid reservoirs disposed in ?uid communi 
cation With the cores of the ?rst and second cables, respec 
tively, and ?rst and second pistons that exert at least one force 
generated by the actuator chamber against ?uid disposed in 
the ?rst and/or second internal ?uid reservoirs. 

30. An apparatus for interconnecting a ?rst cable and a 
second cable, Wherein said ?rst and second cables each com 
prise an exposed electrically conductive core and an outer 
insulating layer, the apparatus comprising: 

a housing that de?nes a sealable interior cavity; 
a coupling disposed in the interior cavity, the coupling 

having a through bore for electrically and mechanically 
interconnecting the ?rst and second cables, Wherein the 
coupling de?nes a ?rst ?uid pathWay that connects the 
core of the ?rst cable in ?uid communication With the 
core of the second cable; 

a ?uid reservoir disposed in the interior cavity; and 
means for forcing the contents of the ?uid reservoir into the 

core of the ?rst and/or second cable. 

* * * * * 


